Abstract
Introduction
The term resilience has been used to refer to a person's capacity to resist adversity without developing physical, psychological or social disabilities [1] [2] [3] [4] [5] [6] [7] [8] . The resilience concept is still in debate. It has been considered as a trait, a set of personal characteristics, a process and/or a system. The concept of resilience as a trait implies that some people are naturally more resilient and capable to deal with adversities. As a set of personal characteristics, resilience encompasses confidence (self-efficacy), coordination (planning), control, composure (low anxiety) and commitment (persistence), that can facilitate persons moving on in a positive way from negative, traumatic or stressful experiences [1] [2] [3] [4] [5] [6] [9] [10] [11] . In recent years, resilience has been considered as a process, where an individual, to be considered resilient, must have those personal characteristics tested in an objective or subjective adversity [2, [9] [10] [11] [12] . As a system, resilience is defined as the result of the interaction among the individual, his/her social support environment and the adversity, including his/her subject values, cultural, social and ethical influences [8, [11] [12] [13] .
It has been suggested that resilience influences medical student`s learning and medical professionalism [6] [7] [8] . The association between resilience and quality of life (QoL) has been studied in two directionalities, one assumes that resilient students have a better perception of quality of life either in a positive or negative educational environment [14] [15] , the second one considers interventions and a positive educational environment as factors to improve resilience in all medical students and increase their QoL and educational environment perceptions [12, [14] [15] [16] [17] [18] .
Using this framework, we evaluated the association among resilience levels, QoL and educational environment perceptions in a multicenter random sample of Brazilian medical students. Our hypothesis was that there is a positive association among resilience, QoL and educational environment perceptions.
Methods

Study design
VERAS study (translated to English as "Students' and Residents' life in health professions") is a multicenter study involving 22 Brazilian medical schools [19] . Schools participating in VERAS were geographically distributed across the country, with a diverse legal status and location (13 public and 9 private; 13 in state capital cities and 9 in other cities). Medical schools were from all geographic regions of Brazil, and were selected by convenience, i.e., if they had a research group willing to participate in the study. 
Study sample
We randomly selected 60 students (5 males and 5 females per program year) from each medical school. This random sample was performed in clusters by gender and year of medical program, using a computer-generated list of random numbers. Students had a ten-day period to answer the survey online. In the case of no response, another student was randomly selected from the same cluster. Students received feedback on their scores once they responded to all questionnaires. All participants had the opportunity to contact the researchers for guidance or emotional support.
Resilience assessment
Wagnild and Yong's resilience scale is a short form measure of resilience, consisting of 14 items clustered in 5 domains: self-reliance, meaning, equanimity, perseverance and existential aloneness. Scores vary from 14 to 98, and higher scores indicate more resilience [5, 20] . This questionnaire was translated and validated to Brazilian Portuguese [21] .
Quality of life assessment
We assessed students' quality of life both as a global self-assessment and using a validated questionnaire, the World Health Organization Quality of Life Assessment (WHOQOL-BREF). The QoL self-assessment consisted of two questions to evaluate students' perception regarding their overall QoL and QoL related to medical school (MSQoL) on a scale from 0 to 10. The items were (1) rate your overall quality of life; (2) rate your quality of life in medical school. WHO-QOL-BREF consists of 26 items clustered in four domains: environment, psychological, social relationships and physical health. Points within each domain are linearly transformed to a score from 0 to 100, and higher scores represent better QoL [22] . This questionnaire was translated and validated to Brazilian Portuguese [23] .
Perception of educational environment assessment
The Dundee Ready Educational Environment Measure (DREEM) is a questionnaire aimed to evaluate the educational environment. Its 50 items assess five domains: learning (scored 0 to 48), teachers (scored 0 to 44), academic self-perception (scored 0 to 32), atmosphere (scored 0 to 48) and social self-perception (scored 0 to 28). Global scores vary from 0 to 200, and higher scores mean a more positive perception about the educational environment [24] . This questionnaire was translated and validated to Brazilian Portuguese [25] .
Other assessments
To assess depression symptoms, we used the Beck Depression Inventory (BDI). This is a 21-item questionnaire and scores vary from 0 to 63, with higher scores pointing to either more numerous or more severe depressive symptoms [26] . Anxiety symptoms were assessed using the State Trait Anxiety Inventory (STAI), a two-component scale, with 20 items each, that evaluates two dimensions of anxiety: state and trait anxiety. Total state and total trait anxiety scores vary from 20 to 80 points [27] . Both questionnaires were translated and validated to Brazilian Portuguese [28] .
The results of the reliability analyses performed using the Cronbach's α coefficient demonstrated that the data were highly reliable, with α values between 0.70 and 0.94 for all domains of the questionnaires, except for the social domain of WHOQOL-BREF, that was 0.66 (data not shown).
Study variables
Year of medical training was stratified in three levels of two years each, according to the most widely used classification in Brazilian schools: basic sciences ( [5] . Perception of educational environment was categorized according to DREEM global scores as poor (0 to 50 points), with problems (51 to 100 points), positive (101 to 150 points) or excellent (151 to 200 points) [25] . The presence of depressive symptoms was defined according to BDI score as no depression (0 to 9 points), mild (10 to 17 points), moderate (18 to 29 points) or severe (30 to 63 points) depression [28] . Marked anxiety symptoms were defined according to STAI, as a score from 50 to 80 points in either anxiety state or anxiety trait scores [28, 29] .
Statistical analysis
Sample size was defined to detect an effect size of 0.165 between two groups with the same size, with 80% power at a 0.05 significance level. We increased the sample to account for 30% of losses. We calculated a sample size of 1,152 students (576 men and 576 women). Categorical variables are presented as proportions and quantitative variables are shown as mean ± standard deviation (SD). Chi-squared and Fisher's exact test were used whenever applicable. We compared WHOQOL, DREEM, BDI and STAI mean scores across resilience level groups using ANOVA with Tukey's HSD test to adjust for multiple comparisons. For all comparisons, we used the very high resilience group as reference. We built multiple linear regression models to assess the association between resilience level and QoL measurements (self-assessment and WHOQOL domains) and the association between resilience level and educational environment measurements (DREEM global score and domains). We used, for each comparison, two models: (1) crude and (2) adjusted for sex, age, year of medical course, presence of depression and presence of marked anxiety symptoms. We also built post-hoc models adjusted and stratified by school legal status (public or private) and school location (state capital or other cities). All model results are presented as beta-coefficients and their respective 95% confidence interval. In all regression models we considered the very high resilience group as the reference group. We set significance level at 0.05. We conducted analyses using R software version 3.1.2.
Results
Of 1,650 randomly selected students, 1,350 (81.8%) accepted to participate and completed the study (Fig 1) . The main reason to refuse to participate in the study (16.6%) was lack of time. In our sample, 714 individuals (52.9%) were women, 459 (34.0%) were in the first and second years of medical course, 491 (36.4%) were in the third and fourth years and 400 (29.6%) in the last two years. Their ages ranged between 17 and 40 (22.8 ± 1.3 years old). Sex (p = 0.60) and year of medical program (p = 0.46) were not significantly different across resilience levels groups. Students with very high resilience had lower BDI, state anxiety and trait anxiety scores when compared to all other resilience level groups (p<0.001 for all comparisons) ( Table 1) .
Analyzing mean scores with adjustment for multiple comparisons using Tukey's HSD, we found significant differences comparing students with very high resilience to others. Those with very high resilience had higher overall QoL than participants with very low, low, moderately low, moderately high (p<0.001 for all) and high (p = 0.013) resilience levels. Regarding medical school-related QoL, those with very high resilience had significantly higher scores than those with very low, low, moderately low (p<0.001 for all) and moderately high (p = 0.004) resilience levels. We also observed higher medical school-related QoL scores for those with very high resilience when compared to those with high resilience, with borderline significance after adjustment for multiple comparisons (p = 0.054). Using WHOQOL-BREF to assess quality of life, for the psychological, social relationships and physical health domains, we found higher scores in individuals with very high resilience compared to those with high, moderately high, moderately low, low and very low resilience groups (p<0.001 for all comparisons). For the environment WHOQOL domain, with the exception of a non-significant difference between the mean scores of the very high and the high resilience group (p = 0.33), those with very high resilience also had significantly higher scores compared to all other resilience groups (p<0.001 for all comparisons). We found similar results analyzing the perception of educational environment according to DREEM scores, with adjustment for multiple comparisons. Mean DREEM global scores were higher in the very high resilience group compared to all other groups (p<0.001 for all comparisons). When we evaluated the results within each DREEM domain, we found significantly higher mean scores for the very high resilience group compared to individuals with moderately high, moderately low, low or very low resilience (p<0.001 for all comparisons) in all domains. Compared to individuals with high resilience, those with very high resilience still had significantly higher learning (p = 0.001), atmosphere (p = 0.002), academic self-perception (p<0.001) and social self-perception (p<0.001) DREEM domain scores and a non-significant trend towards higher scores in teachers' DREEM domain (p = 0.073).
The results of multiple linear regression models to evaluate the association between resilience level groups and the measurements of QoL (Table 2 ) and for the perception of educational environment (Table 3) show progressive lower beta-coefficient estimates for lower resilience groups, suggesting a dose-effect pattern for these associations. Most of these differences were not attenuated when models were adjusted for sex, age, year of medical school, the presence of a BDI score above or equal to 10 points or marked anxiety symptoms. We also ran post-hoc models adjusted and post-hoc models stratified by school legal status (public or private) and by school location (state capital or other cities). As expected, because of the smaller sample size in each group and the higher number of variables in the models, some confidence intervals lost statistical significance in these post-hoc models. Almost all beta-coefficient point estimates remained negative in these models and in all cases that beta-coefficients remained significant they were negative, suggesting this association is not mediated solely by these school characteristics nor occur exclusively in specific scenarios.
Discussion
We found that, consistently with our initial hypothesis, medical students with lower resilience levels had more negative QoL and educational environment perceptions. A dose-effect pattern was observed across resilience level groups. These associations were independent of sex, year of medical school and depressive or anxiety symptoms.
Resilience may impact quality of life and mental health [5, 30] . Our data confirm this relationship, since we observed that higher resilience levels were associated with a better perception of self-reported QoL and the domains of WHOQOL-BREF. World Health Organization defines QoL as "individuals' perceptions of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns" [22] . This perception can be more positive or negative according to the meanings that each person attributes to his/her life experiences. In this way, attributing a positive value and meaning to life experiences, even those negatives, is a major characteristic of resilient people [31] .
In our study, medical students gave significantly higher scores for their overall QoL than to their medical school-related QoL. In a previous study, medical students were interviewed using focus groups to better explore the factors related to increases and decreases of their QoL during medical school. Students reported that quality of teachers, curricula, healthy lifestyles related to eating habits, sleep and physical activity influenced their QoL. Lack of time due to medical school obligations had a major impact on their QoL. However, they considered that their difficulties, although resulting in worse QoL, were necessary and inherent to the process of becoming doctors [32] .
We also observed a significant association between higher resilience scores and lower scores of anxiety and depression. In fact, some authors include low anxiety and optimism among the Table 2 . Crude and adjusted beta-coefficients for the association between resilience levels and quality of life perception. characteristics of resilient people [5] [6] [7] . Causal relationship for this association can be bidirectional. First, a person's resilience may be a protective factor against the development of anxiety and/or depressive symptoms. Second, an anxious or depressed person may be less able to use his/her coping skills. These two possibilities point to the dynamic aspects of resilience: an individual can put in practice their resilience skills in some moments and/or situations and not in others [2, 11, 12] . However, in the regression models, when we controlled our results for high anxiety and depression scores, the associations between high levels of resilience and both QoL and education environment perceptions were not attenuated, suggesting that anxiety or depression levels did not have a significant influence on our findings. The educational environment embraces several factors that contribute to learning, it is everything experienced or perceived by students and teachers [24, 33, 34] . We found that resilient students had a better perception of their educational environment. Among students with resilience scores high or very high 15.7% had a DREEM score corresponding to an educational environment poor or with problems. In contrast, in students with low or very low resilience levels, this proportion was 48.9%. This difference is probably related to the strategies to face adversities during medical course. This is consistent with the findings from a prospective study by Dyrbye et al that observed that medical students with a better perception of their educational environment had a lower risk of developing burnout [35] .
Many stressors in medical school have been described. For some authors, medical school may be an educational environment with psychological toxicity, where many experiences overwhelm rather than develop students [36] [37] [38] [39] . Degrees of suffering vary according to personal abilities and social support [16, 36] . Haglund et al studied stressful events during clerkship, in third-year medical students. Interestingly, students who reported more traumatic events had more personal growth at the end of the academic year. In contrast, unprofessional behavior by residents and attending physicians had adverse effects on the students' well-being [40] . Tedeschi and Calhoun observed, in psychology students, that exposure to traumatic events was associated to better personal development [41] . However, other studies have demonstrated that, in the face of adversities, maladaptive responses may also occur. Students may develop higher levels of cynicism and decreased empathy [19, 42] , resulting in unprofessional conducts, less altruistic professional values [14] and worse well-being perceptions [40] . Resilience has been proposed as a mediator between the occurrence of stressful events and personal maturing [14] , which can result in a new adaptive state [43] .
Aligned to this concept, the Association of American Medical Colleges (AACME) included resilience as one out of nine personal characteristic associated with a successful behavior during medical training [44, 45] .
Most studies on the development of resilience have not focused on healthy adult populations. Studies regarding medical students are even scarcer. In qualitative study, Nagji et al observed a positive impact of an optional theatre module on relaxation, social relationships and resilience of 18 first-year medical students [18] . Slavin found a decrease in depressive and anxiety symptoms after a set of curricular changes, which included a required resilience and mindfulness program, focused on energy management, stress reduction and other coping strategies [46] . Similar results were described by Zamirinejad et al, in a sample of 31 women with a BDI score of 19 or higher. Those authors found that those who participated in the psychotherapy group for resilience training had similar pre-intervention BDI scores and lower post-intervention scores compared to the non-intervention group [17] .
Surprisingly, in our study the resilience levels were not significantly different when we compared medical students from different years of medical school. During medical school, there are many factors that may influence resilience of medical students, in both directions. There are many opportunities for the students to develop their resilience. However, educational strategies specifically designed to improve resilience are still rare in medical schools in Brazil and around the world.
To our knowledge, all previous studies concerning resilience in medical students were performed in convenience samples and/or included a single or few medical schools [14, 15, 40] . VERAS study protocol consisted in survey in a large, random sample, from 22 Brazilian schools located in different cities, in all Brazilian regions and had a high (81.8%) response rates [19] . Our study also has some limitations. The cross-sectional design does not allow inferences of causality. However, this design is still adequate to study associations and provide wide data to discussion. In addition, as our sample was restricted to Brazilian medical students, the generalization of the results to other populations should be made with caution.
In conclusion, we found that medical students with higher resilience levels had better quality of life and educational environment perceptions. Our data are consistent with the concept that resilience is a core competency for medical school admission process.
